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Abstract 
Starting from forming methylammonium lead iodide (MAPI) via hydriodic acid (HI), 
gamma-butyrolactone (GBL), and sonication. We then discuss the attempts to replace 
the iodide (I-) anion with tetraflouroborate (BF4-) and hexafluorophosphate (PF6-) via a 
solution method. Further on, the shift to methylammonium and formamidinium 
bismuth iodide (MA3Bi2I9 and FA3Bi2I9, respectively) is discussed, produced by spin 
coating and solvent evaporation. Bismuth iodide (BiI3), and bismuth oxyiodide (BiOI) 
are formed by both chemical and physical vapor transport. Most samples obtained were 
confirmed via powder or crystal XRD (pXRD or cXRD respectively), and XPS, while a 
BiI3 sample was observed under Total Reflection X-ray Fluorescence (TXRF) as well. 
 
  
Introduction 
Solar energy has been an increasingly cheap and efficient method for harvesting energy 
from photons and converting it to electricity. Silicon has stood as the major candidate 
and thus been thoroughly studied for its efficiency and cost. However, by providing 
another material with a higher bandgap, around 1.7 ± .1 eV, the opportunity arises for a 
possible tandem junction between the two in the future. In this paper, we delve into 
formamidinium and methylammonium bismuth iodide (FA3Bi2I9 and MA3Bi2I9, 
respectively), bismuth iodide (BiI3), and bismuth oxyiodide (BiOI), as well as the 
methods, successes, and failures that brought us to this point.  
MAPbI3 has been looked into in the past for its high efficiency to cost ratio. While the 
material isn’t stable in air, as it reacts with moisture, and it faces the harsh political 
environment of being a material containing lead, it has shown to be a strong 
photovoltaic contender with its modifiable bandgap of 1.55 eV and the lack of effort it 
comparably takes to create when compared to other semiconductors (J. Su, 2015). If the 
anion could be exchanged for a different element or molecule that would increase its 
bandgap to 1.7, it would likely become an even more interesting point of study. 
FA3Bi2I9 and MA3Bi2I9 are somewhat in the opposite corner of organic-inorganic 
semiconductors when compared to MAPbI3. With their 2+ eV bandgap with non-toxic 
and air stable components, if either materials bandgap could be lowered closer to 1.7 
eV, either by doping or by producing 3D crystals, this material would be brought closer 
to the ideal Silicon tandem junction material.   
BiI3 and BiOI are two materials that have been developed as solar cells even more 
recently than those previously discussed. BiI3 has a bandgap of 1.67 eV and Bismuth 
Oxyiodide has a bandgap of 2.3 eV. This places BiI3 in the practically ideal place to be in 
a tandem junction with Silicon. BiOI is an interesting material which was frequently 
made as a bi-product of the BiI3 formation process, and while it might be farther away 
than the other materials, it still shows photovoltaic properties. 
Literature Review 
A discussion regarding MAPI brought forth the idea of keeping the starting materials in 
HI, heating the solution to 90 °C before decreasing the solution to 65 °C at a rate of .1 to 
.2 °C/hr. This process takes several weeks before the synthesis is completed and usually 
took multiple experiments to obtain large crystals. The first experiments usually formed 
mm size crystals which could be utilized as seed crystals in later experiments to create 
larger and larger crystals as needed. It is imperative to note that water degrades MAPI 
irreversibly into its initial components and, as instructed in the paper, warm acetone 
should be used to retrieve the crystals (J. Su, 2015).  
A paper on GBL stated that by increasing the temperature of the material dissolved in 
said solution resulted in the occurrence of inverse solubility past 110 °C. Inverse 
solubility, or retrograde solubility, is an instance where increasing the temperature of 
the solvent results in decreasing the solubility causing the previously dissolved 
materials to crash out of solution. Currently there are only a few materials with this 
property, GBL and DMF among others, but it’s possible that more materials exist. When 
utilizing GBL, the solution should be heated to 60 °C before being filtered and heated to 
110 °C. If the solution is then cooled below 110 °C, regular solubility becomes the 
dominant force, and the crystals dissolve back into solution, showing the reversibility of 
this experiment (Makhsud I. Saidaminov, 2015).  
One paper then discussed the calculated efficiencies that might occur if I- was replaced 
with BF4- and PF6-. While BF4- and PF6- have been partially integrated into MAPI as 
MAPbIx(BF4-)3-x and MAPbIx(PF6-)3-x, BF4- and PF6- have yet to completely replace I- in an 
experiment. While partial substitutions provide interesting data on how bandgaps 
change, a partially substituted molecule will segregate itself overtime, decreasing the 
overall efficiency of the cell.  
(Christopher H. Hendon, 2014).  
Another discussion stated that MA3Bi2I9 could be produced via spin coating in a 
DMSO/DMF solution. Replacing Pb with Bi is environmentally beneficial as Bi is non-
toxic, so much so that it can be found in many foods and products, while Pb is widely 
known for its damaging properties. Bi also has a similar ionic radius to Pb, and while it 
has a different charge thus changing the structure of the cell, it still holds enough 
potential to be looked into. In the same paper, it was specified that by adding 
C3H5KOS2, a Sulfur doped MA3Bi2I9 was formed. MA3Bi2I9’s bandgap could be 
decreased by doping it with Sulfur. If this doping can be tuned to a specific bandgap, 
the versatility of MA3Bi2I9 drastically increases (Murugan Vigneshwaran, 2016).  
FA3Bi2I9 was also stated to undergo formation via spin coating similar to the MA3Bi2I9 
method except utilizing FA as opposed to MA. As FA3Bi2I9 has a lower bandgap than 
MA3Bi2I9, it might be easier to adjust the material to the ideal Silicon tandem junction 
bandgap. (Xin Huang, 2016).  
  
1. Synthesis of Methylammonium Lead Iodide 
1.1. Introduction 
Methylammonium Lead Iodide, an organic-inorganic perovskite, has been a much-
studied material in the past few years. Due to its bandgap of 1.55 eV, combined with its 
cheap creation cost, this material has been formed and analyzed via multiple methods. 
Here we discuss its formation via HI solution, inverse solubility, and sonication 
methods. 
1.2. Experimental 
1.2.1. Synthesis via HI solution 
Pb(CH3CO2)2 · 3H2O (Puratronic, 99.995% trace metal basis, Alfa Aesar Catalog #10719) 
used as obtained, and MAI, made from Methylamine (2M in THF, Alfa Aesar Catalog 
#H27664) used as obtained, and HI (ACS grade, 55-58% in water, Alfa Aesar Catalog 
#36484) used as obtained, were dissolved in 10 mL of HI in a 50 mL round bottom flask. 
The solution was then brought to 100 °C and ramped down to 60 °C over the course of 9 
days in a heating mantle with both the flask and mantle being wrapped in aluminum 
foil to minimize heat loss to the environment. To maintain an accurate reading of the 
temperature, thermocouples were placed both in the flask and in-between the flask and 
the heating mantle to assure the correct temperature was being reached. The 
temperature controller was a Love 32B controller and it was accurate to the nearest 
tenths place and was utilized in all temperature related experiments unless stated 
otherwise within this document. Single and polycrystalline MAPbI3 crystals were 
formed. Later experiments utilized both 50 and 100 mL salinized and unsalinized flasks 
in both sand and oil baths with single and polycrystalline crystals forming under 
otherwise equivalent experimental conditions. The flasks were salinized to make them 
hydrophobic and to assist in the growth of single crystals and hinder the growth of poly 
crystals. 
1.2.2. Synthesis via inverse solubility 
PbI2 (99.9985% trace metals basis, Alfa Aesar Catalog #12724) used as obtained, and 
MAI were dissolved in GBL at 65 °C in a 1 Dram unsalinized vial. The solution was 
filtered using a .45 micrometer PFTE filter. Two mL of solution were heated to 120 °C, 
as well as 124 °C in later experiments. In both cases, crystals crashed out within one 
day. Some of these crystals were then used as seed crystals for a new inverse solubility 
attempt, as it was observed to grow higher quality single crystals than the HI solution 
method. Later experiments utilized salinized 1 Dram vials with similar results. 
1.2.3. Synthesis via sonication 
MAI and PbI2 were dissolved in isopropyl alcohol and then sonicated for 15 minutes. 
The solution was separated by centrifugation at 4000 rpms before being rinsed with 
isopropyl alcohol and then left to dry at room temperature. Before drying, the MAPbI3 
was akin to a paste, upon drying it formed a brick-like polycrystalline material. 
1.3. Results  
1.3.1. Synthesis via solution  
Figure 1.3.1-1: MAPbI3 pXRD.  
The strong peaks at 14 and 28 strongly suggest that the material is MAPbI3. 
 
Figure 1.3.1-2: Calculated MAPbI3 (J. Su, 2015)   
As this MAPbI3 is calculated, it states what MAPbI3 would look like in an ideal formation. 
 
 The crystals created by this method were analyzed using XPS, pXRD, and cXRD. From 
this, the materials were determined to be MAPbI3. The crystals formed ranged in size 
from micro to millimeter. 
1.3.2. Synthesis via inverse solubility  
This method quickly created crystals which could be used as seed crystals for the 
solution method as well as repeated attempts with the inverse solubility method. 
1.3.3. Synthesis via sonication 
The sonication method produced a paste-like MAPbI3 before drying. Upon drying, 
some MAI crashed out, which can be seen as the yellow marks in Figure 3. 
Figure 1.3.3-1: Sonicated MAPbI3  
Made from PbI2 and MAI and dissolved in IPA.  
  
Figure 1.3.3-2: Closer Look  
Sonicated MAPbI3 made from PbI2 and MAI and dissolved in IPA. 
  
1.4. Discussion 
Each method used provided the formation of MAPbI3. The inverse solubility method 
provided the fastest growing, and largest crystals, while the solution method provided 
many smaller single and polycrystalline crystals. The sonication method made a paste 
that might be interesting if developed further. 
2. Changing Anions from I- to BF4- and PF6- 
2.1. Introduction 
Given that the ideal bandgap of a material to work in a tandem junction with Silicon is 
around 1.7 ± .1 eV, and MAPbI3 is 1.55 eV, the idea that changing the anion to adjust the 
bandgap was born. We decided to change the anion from I- to BF4- or PF6- in the hopes 
that the different anion sizes would beneficially adjust the bandgap. This idea is shown 
in the two figures above. Figure 5 shows the relationship between the bandgaps of 
MAPbX3 as well as an exponential line of best fit, as it provided the highest R2 using the 
three data points. Using that line of best fit, four data points using the suspected ionic 
radii of BF4- or PF6-  were plotted against that line. While this method of estimating 
potential band gaps of materials has some flaws, not considering any change in the new 
crystal’s shape for instance, it still provided an estimation that helped guide our 
decisions. 
Figure 1.3.3-1: Ionic Radius vs Band Gap of MAPbX3  
As Ionic Radius increases the Band Gap will decrease. 
 
 
Figure 1.3.3-2: Possible Bandgap Correlation to Ionic Radius  
If the crystal structure remains the same as that of the halogens, it is predicted that BF4- will have a higher Band Gap than I- and PF6- 
will have a lower Band Gap than I-. 
1 
                                                 
1 BF4- and PF6- 1, 2, and 3, were taken from (Satyawan Nagane, 2014), (Eli Sloutskin, 2005), (Miles, 2004), 
and (WILEY-VCH, 2008), respectively. 
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2.2. Experimental 
Aqueous MA 40%, tetrafluoroboric acid (HBF4) 50% aqueous, and 
hexafluorophosphoric acid (HPF6) (60% w/w aqueous, Alfa Aesar Catalog #241-006-5) 
were used as obtained. Methylammonium tetrafluoroborate (MABF4) was formed from 
the MA solution and the HBF4 in a 50 mL flask before adding Pb(CH3CO2)2. 
2.3. Results 
Figure 1.3.3-1: MAPb(BF4)3 pXRD  
Overtime the material changed upon interaction with the atmosphere as new peaks appeared and disappeared, suggesting a 
possible oxidation occurrence.  
 
 
 Pb(CH3CO2)2 is hydrophilic and absorbs water from the air, hence why it is sold as a 
solution and not a solid. When we attempted to evaporate or vacuum the water off of 
Pb(CH3CO2)2 it is likely that water either still remained, or later latched back on. The 
second difficulty was that we were unable to find a solvent that would dissolve both 
Pb(CH3CO2)2 and MABF4, and when we attempted to dissolve MABF4 in Pb(CH3CO2)2 · 
3H2O the two did not react in solution.  
2.4. Discussion 
Following the success of MAPI, it was decided that if I- was changed out for either BF4- 
or PF6- there would be a strong likelihood of an increase in efficiency due to the smaller 
anion size resulting in a lower band gap. This transition was attempted by dissolving 
lead acetate and HBF4 or HPF6. After may failed attempts at different temperatures and 
concentrations it was decided that currently it would be more productive to attempt 
new materials. This is likely due to the inability to dissolve lead in many solvents.  
 
3. Bismuth Perovskites 
3.1. Introduction 
As the political view on lead materials is rather negative, many lead-free perovskites 
have been suggested. MA3Bi2I9 is one such material. With a bandgap of 2.1 eV it is 
believed that the material might be able to reach 1.7 eV if adjustments are made to its 
structure. Sulfur-doped MA3Bi2I9, with a bandgap of 1.45 eV, was briefly discussed 
before moving on to FA3Bi2I9, with its bandgap of 2.0 eV.  
3.2. Experimental  
3.2.1. Synthesis of thin film MA3Bi2I9  
MAI from previous experiments, and BiI3 (Sigma Aldrich Catalog #341010) used as 
obtained, were dissolved in CH3OH in a 10 Dram vial. The solution was sonicated for 30 
minutes and left to sit in the fume hood overnight at room temperature so that the 
methanol would evaporate. Flakes and powder had formed by the morning. The 
powder was added to C3H5KOS2 (Lot # not found) used as obtained, to form Bismuth 
ethyl xanthate (Bi(xt)). Bi(xt) and MAI were taken in a 1:2 molar ratio and dissolved in 
DMF (>99.8% Sigma Aldrich Catalog #319937-500ML) used as obtained, for 10 min 
before being spin coated at 2000 rpm for 15 seconds on FTO. Afterwards the slide 
annealed at 150 °C for 30 minutes on a self-regulated heater accurate to .1 °C. 
3.2.2. Synthesis of powder MA3Bi2I9  
MAI and BiI3 were dissolved in CH3OH in a 50 mL round bottom flask. The solution 
was sonicated for 30 minutes and left to sit in the fume hood overnight at room 
temperature so that the methanol would evaporate. The powder was added to 
C3H5KOS2 to form Bismuth ethyl xanthate (Bi(xt)). Bi(xt) and MAI were taken in a 1:2 
molar ratio and dissolved in DMF. The solution was then vacuumed at room 
temperature until dry. 
3.2.3. Thin film Sulfur doped MA3Bi2I9  
Bi(NO3) · 5H2O was added to H2O and HCl as well as C3H5KOS2 in a 100 mL round 
bottom flask. The solution was stirred for 1 hour and was filtered before being dried 
under vacuum. After drying, it was dissolved in H2O and sonicated, then filtered, 
washed with H2O and dried under vacuum a second time. The solid was then added 
with MAI in a 1:2 molar ratio into DMF where it was stirred and then filtered with a .45 
micrometer PTFE filter. Following this, the solution was spin coated at 2,000 rpms for 15 
seconds before being annealed at 150 °C with the same heater as used in 3.2.1. 
3.2.4. Synthesis of thin film FA3Bi2I9  
A 1:2 molar ratio of FAAC (99% Fisher Scientific Catalog #AC119711000) used as 
obtained, and HI was heated to 60 °C in a salinized 50 mL round bottom flask while 
stirring for 10 minutes. Afterwards the solution was placed into a rotary evaporator 
until FAI remained. FAI and BiI3 were then added in a 3:2 molar ratio into a 7:3 ratio by 
volume of DMF and DMSO (Alfa Aesar A13280) used as obtained. The solution was 
then spin coated at 1,000 rpms for 20 seconds before being annealed at 110 °C for 30 
minutes. 
3.2.5. Synthesis of polycrystalline FA3Bi2I9 
FAI and BiI3 were added in a 3:2 molar ratio into a 7:3 ratio by volume of DMF and 
DMSO and was vacuumed in a salinized 50 mL round bottom flask for several weeks at 
room temperature. The flask was then increased to 80 °C for four days under vacuum 
before increasing the temperature again to 100 °C until the sample was dry. The solid 
was analyzed using XPS and pXRD. 
3.3. Results  
3.3.1. Synthesis of thin film MA3Bi2I9  
MA3Bi2I9 formed on the glass after annealing as described in the literature.  
Figure 3.3.1-1: Spin Coated MA3Bi2I9 on FTO and left open to the atmosphere. 
 
3.3.2. Powder MA3Bi2I9 
Powder MABI formed upon drying. It showed no visible signs of decomposition over 
the course of several months in the vial in Figure 9 shown below. 
Figure 3.3.2-1: Powder MA3Bi2I9  
Formation occurred after crashing out of a DMF solution under vacuum. 
 
3.3.3. Thin film Sulfur doped MA3Bi2I9  
As discussed by the literature, a red film was deposited upon the glass after annealing. 
The sample changed color slightly over the course of several months. 
Figure 3.3.3-1: Thin Film MA3Bi2I9  
Deposited on FTO and left open to the atmosphere for several months which likely caused the color change. 
 
3.3.4. Synthesis of thin film FA3Bi2I9  
FA3Bi2I9 formed on the glass upon annealing. Attempts to analyze the sample using 
pXRD were made, however multiple layers of the film would need to be deposited for 
an accurate reading. 
Figure 3.3.4-1: Thin Film FA3Bi2I9  
Annealed on FTO and left open to the environment without any visible color change occurring. 
 
3.3.5. Synthesis of polycrystalline FA3Bi2I9 
After several weeks of vacuuming the sample under both house vacuum and pumps, a 
sample dry enough to be analyzed by both XPS and pXRD formed on the wall of the 
flask. It is difficult to determine via XPS whether the materials simply co-crystallized or 
bonded together as the electron levels stay the same due to the crystal structure, 
however the pXRD leads one to believe that the sample is none of the starting materials 
and also interacts with the atmosphere over time.  
Figure 3.3.5-1: Powder FA3Bi2I9  
Deposition occurred as 7:3 DMF:DMSO solution was vacuumed. The material appears to interact with the atmosphere. 
 
 
Figure 3.3.5-2: XPS of flakes of FA3Bi2I9  
The peaks and ratio of each element to each other element leads us to believe that this could be FA3Bi2I9. Given that each element 
keeps its charge whether it is part of the overall crystal or not makes it difficult to determine via XPS, however. 
  
Figure 3.3.5-3: First pXRD of flakes of FA3Bi2I9  
The peaks do not match up with peaks from any of the starting materials. 
 
Figure 3.3.5-4: XRD pattern of Bismuth thin film deposited at room temperature (K, 1997) 
 
Figure 3.3.5-5: Formamidinium Iodide pXRD (Andrey A. Petrov, 2017)  
The crystal structure of FAI changes depending on the temperature of its formation, however none of them match either FA3Bi2I9 
pXRD 
 Figure 3.3.5-6: pXRD Analysis 2 Days Later  
While the material shows no visible change, over the course of two days the pXRD has changed. The new pXRD still does not 
resemble any of the pXRDs of the starting materials. 
 
3.4. Discussion 
3.4.1. Synthesis of thin film MA3Bi2I9  
The method as specified by the literature accurately describes a means of producing 
thin films of MA3Bi2I9. The uncoated glass is due to a lack of solution being added to 
completely coat the glass. While thin films of materials are important to create for 
certain electrochemical experiments, it is difficult to conduct surface science related 
experiments due to the thinness of the material. This led to the reasoning that a powder 
form of the material should be synthesized, and that it could be synthesized through a 
similar means as that of the thin films. Many materials have varying properties 
depending on what form they take or how much of that material is together, therefore it 
is essential to understand what forms are best for what experiments and how to adjust 
the process of making the materials accordingly. 
3.4.2. Synthesis of powder MA3Bi2I9 
This method of synthesizing MA3Bi2I9 was a success due to changing the method of 
deposition. Spin coating deposits material by rapidly shedding the solution. Similarly, 
when a solution is vacuumed and/or heated the dissolved material can be left behind. 
As these separate methods can accomplish the same goal this was the main change 
made to the overall method to synthesize the desired material.  
3.4.3. Thin film Sulfur doped MA3Bi2I9  
The idea of following this experiment was to understand how adding different 
compounds into an otherwise pure structure would change its bandgap. While the 
literature method does describe a means to introduce Sulfur into the crystalline 
MA3Bi2I9 structure, instead of doping, it is likely that the Sulfur is assimilating into the 
structure itself where it forms a hybrid crystal. It is recommended that a Sulfur, or 
another material, doped FA3Bi2I9 be synthesized to both adjust its properties and gather 
evidence to prove or disprove that Sulfur incorporates itself into these structures as 
opposed to just doping them. 
3.4.4. Synthesis of thin film FA3Bi2I9  
The method as specified by the literature accurately describes a means of producing 
thin films of FA3Bi2I9. As in the thin film MA3Bi2I9 experiment this synthesis was to 
understand how the material could be made in a thin film form before attempting to 
produce a powder or crystalline product.  
3.4.5. Synthesis of polycrystalline FA3Bi2I9 
When forming the sample, the procedure could be simplified to only heating the flask 
to 100 °C for the entirety of the experiment as opposed to room temperature or 80 °C. 
More samples should be analyzed in the future by both pXRD and XPS to ascertain the 
structure and composition of this material. It is suggested that data should be taken 
multiple times over several days to observe how the interaction between the sample 
and the atmosphere effects the sample. If enough sample is made such that some might 
be left in an air-free environment while what’s left is kept in an area with access to the 
air, the effects of the air might be more noticeable. 
4. BiI3 and BiOI 
4.1. Introduction 
Bismuth Iodide, and its oxidized form, Bismuth Oxyiodide also show photovoltaic 
properties. BiI3 shows a bandgap of 1.67 eV while Bismuth Oxyiodide has a bandgap of 
2.3 eV. 
4.2. Experimental  
4.2.1. Synthesis of BiI3  
BiI3 was formed from both physical and chemical vapor transport, as well as melting 
BiI3. During chemical vapor transport a coworker, Roy Stoflet, placed Bismuth and 
Iodine into a tube furnace which was then heated to 410 °C. BiI3 and I2 were found along 
the tube as well as at the other end of the tube. During physical vapor transport, as well 
as the melting, BiI3 was placed at one end of a tube, heated to 420 °C and then cooled to 
room temperature over the course of a few days.  
4.2.2. Synthesis of BiOI 
BiOI was formed when a small amount of air was introduced into the tube by 
improperly sealing the tube. During both physical and chemical vapor transport, BiOI 
would form alongside BiI3 during physical vapor transport, and BiI3, Bi, and I2 during 
chemical vapor transport. 
4.3. Results  
4.3.1. Synthesis of BiI3  
The XPS analysis shows that BiI3 was formed as predicted. The pXRD states that there is 
some I2 at the surface of the BiI3. TXRF analysis shows that some amount of Bismuth 
and Iodine are in the sample. The remaining elements are shown because they almost 
always show up in any TXRF graph due to how the sample is analyzed. When utilizing 
physical vapor transport and melting the BiI3 formed was bulky and polycrystalline, 
however when formed using chemical vapor transport the crystals were flat and disc-
like against the tube as well as in the expected crystalline shape. 
Figure 4.3.1-1: Polycrystalline BiI3 Via Physical Vapor Transport 
 
Figure 4.3.1-2: XPS of BiI3  
Both the peaks and the ratios between the elements are correct.  
 
Figure 4.3.1-3: pXRD of Roy Stoflet’s BiI3  
While the pXRD doesn’t match that of the literature, this is because I2 sticks to the surface of the material. 
 
Figure 4.3.1-4: Bismuth Iodide pXRD (Karunakara Moorthy Boopathi, 2014)  
The BiI3 powder pXRD, as well as the remaining three pXRDs, show that BiI3 exists in our pXRD. 
 
Figure 4.3.1-5: I2 compared to sample of BiI3 (Takemura Kenichi, 2003)  
I2 sticks to the surface of the samples causing it to show up in the pXRD. 
 
 
Figure 4.3.1-6: TXRF of BiI3  
Both Bi and I are found in the sample. To find how much of each, the machine would have to be given a standardized sample. 
 
4.3.1. Synthesis of BiOI 
Similar to the analysis of BiI3 discussed previously, BiOI is shown in the XPS, while the 
pXRD shows that I2 exists on the surface. 
Figure 4.3.1-1: BiOI  
Formed as a side product when creating BiI3. 
 
Figure 4.3.1-2: XPS of BiOI  
Both the peaks and the ratios between the elements are correct.  
 
Figure 4.3.1-3: pXRD of BiOI 
When compared to the figure below, it can be seen that this sample agrees with the literature. 
 
Figure 4.3.1-4: pXRD BiOI (Jun Di, 2014)  
The two pXRDs agree with the sample above, however the sample agrees more so with b than with a. 
 
Figure 4.3.1-5: I2 Comparison of BiOI (Takemura Kenichi, 2003) 
Similarly to the BiI3 sample, I2 can be seen on the surface of the BiOI sample. 
 
4.4. Discussion  
4.4.1. Synthesis of BiI3  
BiI3 can be formed in at least three ways utilizing a tube furnace and different 
crystalline shapes can be created depending on the method used.  
4.4.2. Synthesis of BiOI 
BiOI can be formed by allowing air to interact with the materials prior to heating the 
furnace, in the future allowing air to travel into the tube while the furnace is running 
might create better crystals. 
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